From: Brent Ranalli

To: Hernandez-Quinones, Samuel

Cc: Jonathan.Koplos@cadmusgroup.com

Subject: Re: TD for WA 2-09, EP-C-12-023

Date: Thursday, April 09, 2015 7:52:27 PM

Attachments: Drinking Water PAG calculations including ages 16-19 -- 4-9-2015.xIsx
Hi Sam,

Here is a spreadsheet with drinking water PAG calculations for the standard nine age
categories, and also for ages 16, 17, 18, and 19.

The first tab contains assumptions. As you know, calculations for nonstandard ages require
getting dose conversion factors (DCFs) directly from the DCAL software rather than from FGR-
13. DCAL also allows us to apply age-specific DCFs for 20 year olds, 50 year olds, and 75 year
olds in place of general “adult” DCFs. In most cases they are identical to the generic values
that were the used in previous rounds. Exceptions are highlighted on this first tab. For 1-131,
the slight differences are just an artifact of rounding. For Sr-90, which targets bone, DCFs
change into adulthood, but age-specific values from DCAL are not reliable after age 40 or so,
so you’ll see that we have an age-specific value for 20 year olds and use the generic “adult”
value for 50 year olds and 75 year olds.

The next two tabs (one for 500 mrem and one for 100 mrem) show DRL calculations for ages
15-20, inclusive.

The final two tabs (one for 500 mrem and one for 100 mrem) show DRL calculations for the
nine standard ages plus ages 16-19. The summary information in boxes includes information
that goes into Table 1 of the chapter.

The draft chapter with revisions will be arriving tomorrow.

Brent

Brent Ranalli
The Cadmus Group
617-673-7140




Ingestion Rate Age
Days

Dose ( mrem)
Sr-90/ Y-
Cs-137
1-131
Ir-192
Po-210
Co-60

Drinking Water Concentration (pCi/L) for Adult dose of 500 mrem Over 1 Year

15

365

500
5.00E+03
3.07E+04
1.20E+04
2.41E+05
1.29E+03
5.18E+04

15 year ol 16 year olc 17 year olc 18 year ol 19 year olc 20 year old male

16

500
5.37E+03
2.91E+04
1.23E+04
2.38E+05
1.29E+03
5.51E+04

17

500
5.70E+03
2.75E+04
1.26E+04
2.33E+05
1.28E+03
5.94E+04

18

500
6.00E+03
2.58E+04
1.31E+04
2.31E+05
1.28E+03
6.57E+04

19

500
6.38E+03
2.49E+04
1.39E+04
2.34E+05
1.30E+03
7.66E+04

20

500
6.74E+03
2.39E+04
1.50E+04
2.38E+05
1.33E+03
9.52E+04

Minimum Limiting
5002 15 year old male
23943 20 year old male
12028 15 year old male
231091 18 year old male
1278 18 year old male
51810 15 year old male



Drinking Water Concentration (Bg/L) for Adult dose of 500 mrem Over 1 Year

Ingestion Rate Age 15 16 17 18 19 20
Days 365
Dose ( mrem) 500 500 500 500 500 500 Minimum Limiting
Sr-90/Y-  185E+02 1.99E+02 2.11E+02 2.22E+02 2.36E+02 2.49E+02 1.85E+02 15 Year old male
Cs-137 1.14E+03 1.08E+03 1.02E+03 9.56E+02 9.22E+02 8.86E+02 8.86E+02 20 Year old male
1-131 4.45E+02 4.54E+02 4.66E+02 4.84E+02 5.14E+02 5.55E+02 4.45E+02 15 Year old male
Ir-192 8.90E+03 8.80E+03 8.64E+03 8.55E+03 8.64E+03 8.79E+03 8.55E+03 18 Year old male
Po-210 477E+01 4.76E+01 4.74E+01 4.73E+01 4.82E+01 4.92E+01 4.73E+01 16 Year old male

Co-60 1.92E+03 2.04E+03 2.20E+03 2.43E+03 2.83E+03 3.52E+03 1.92E+03 15 Year old male



Ingestion Rate Age
Days

Dose ( mrem)
Sr-90/ Y-
Cs-137
1-131
Ir-192
Po-210
Co-60

Drinking Water Concentration (pCi/L) for Child dose of 100 mrem Over 1 Year

15
365
100

1.00E+03
6.14E+03
2.41E+03
4.81E+04
2.58E+02
1.04E+04

15 year ol 16 year olc 17 year olc 18 year ol 19 year olc 20 year old male

16

100

1.07E+03
5.82E+03
2.45E+03
4.76E+04
2.58E+02
1.10E+04

17

100

1.14E+03
5.50E+03
2.52E+03
4.67E+04
2.56E+02
1.19E+04

18

100

1.20E+03
5.17E+03
2.61E+03
4.62E+04
2.56E+02
1.31E+04

19

100

1.28E+03
4.98E+03
2.78E+03
4.67E+04
2.61E+02
1.53E+04

20

100

1.35E+03
4.79E+03
3.00E+03
4.75E+04
2.66E+02
1.90E+04

Minimum Limiting
1000 15 year old male
4789 20 year old male
2406 15 year old male
46218 18 year old male
256 18 year old male
10362 15 year old male



Drinking Water Concentration (Bg/L) for Child dose of 100 mrem Over 1 Year

Ingestion Rate Age 15 16 17 18 19 20
Days 365
Dose ( mrem) 100 100 100 100 100 100 Minimum Limiting
Sr-90/Y-  370E+01 3.98E+01 4.22E+01 4.44E+01 4.72E+01 4.99E+01 3.70E+01 15 Year old male
Cs-137 2.27E+02 2.15E+02 2.04E+02 191E+02 1.84E+02 1.77E+02 1.77E+02 20 Year old male
1-131 8.90E+01 9.08E+01 9.31E+01 9.67E+01 1.03E+02 1.11E+02 8.90E+01 15 Year old male
Ir-192 1.78E+03 1.76E+03 1.73E+03 1.71E+03 1.73E+03 1.76E+03 1.71E+03 18 Year old male
Po-210 9.54E+00 9.53E+00 9.48E+00 9.46E+00 9.64E+00 9.84E+00 9.46E+00 16 Year old male

Co-60 3.83E+02 4.08E+02 4.39E+02 4.86E+02 5.67E+02 7.05E+02 3.83E+02 15 Year old male



Drinking Water Concentration (pCi/L) for Adult do
Ingestion Rate Age  In Utero Infant lyrold 5yrold 10yrold 15yrold 16yrold 17yrold 18yrold 19 yrold

Days 365

Dose ( mrem) 500 500 500 500 500 500 500 500 500 500
Sr-90/ Y-
90 7.50E+03 1.80E+04 1.20E+04 7.78E+03 5.00E+03 5.37E+03 5.70E+03 6.00E+03 6.38E+03
Cs-137 8.69E+04 9.19E+04 1.34E+05 7.05E+04 5.06E+04 3.07E+04 2.91E+04 2.75E+04 2.58E+04 2.49E+04
1-131 2.15E+04 1.05E+04 9.28E+03 6.57E+03 9.75E+03 1.20E+04 1.23E+04 1.26E+04 1.31E+04 1.39E+04
Ir-192 1.45E+05 1.90E+05 1.49E+05 1.79E+05 2.41E+05 2.38E+05 2.33E+05 2.31E+05 2.34E+05
Po-210 4.11E+03 3.66E+02 9.28E+02 7.69E+02 9.73E+02 1.29E+03 1.29E+03 1.28E+03 1.28E+03 1.30E+03
Co-60 3.01E+05 3.57E+04 6.19E+04 4.04E+04 4.56E+04 5.18E+04 5.51E+04 5.94E+04 6.57E+04 7.66E+04

In Utero m Infant male 1 yr old m¢5 yr old me 10 yr old n 15 yr old n 16 yr old n17 yr old 18 yr old n19 yr old r



se of 500 mrem Over 1 Year
20yrold 50yrold 75yrold

500 500 500

6.74E+03 7.41E+03 7.79E+03
2.39E+04 1.66E+04 1.74E+04
1.50E+04 1.04E+04 1.09E+04
2.38E+05 1.64E+05 1.73E+05
1.33E+03 9.20E+02 9.66E+02
9.52E+04 6.59E+04 6.92E+04

20 yrold r50 yr old n 75 yr old male

Age 20 and up
(for report)
Minimum Limiting

6743 20 yr old male
16569 50 yr old male
10384 50 yr old male

164482 50 yr old male
920 50 yr old male
65889 50 yr old male

Age 19 and up
Minimum Limiting

6378 19 yr old male
16569 50 yr old male
10384 50 yr old male

164482 50 yr old male
920 50 yr old male
65889 50 yr old male

Ingestion
Ds
Dose (



Rate Age
lys

mrem)
Sr-90/ Y-
90

Cs-137
1-131
Ir-192
Po-210
Co-60

In Utero
365
500

3.22E+03
7.96E+02

1.52E+02
1.12E+04

Infant

500

2.78E+02
3.40E+03
3.90E+02
5.35E+03
1.35E+01
1.32E+03

lyrold
500

6.65E+02
4.95E+03
3.43E+02
7.03E+03
3.43E+01
2.29E+03

Drinking Water Concentration (Bg/L) for Adult dose of 500 mrem Over 1 Year
10yrold 15yrold 16yrold 17yrold 18yrold 19yrold 20yrold 50 yrold

5yrold

500

4.44E+02
2.61E+03
2.43E+02
5.51E+03
2.85E+01
1.50E+03

500

2.88E+02
1.87E+03
3.61E+02
6.63E+03
3.60E+01
1.69E+03

365
500

1.85E+02
1.14E+03
4.45E+02
8.90E+03
4.77E+01
1.92E+03

500

1.99E+02
1.08E+03
4.54E+02
8.80E+03
4.76E+01
2.04E+03

500

2.11E+02
1.02E+03
4.66E+02
8.64E+03
4.74E+01
2.20E+03

500

2.22E+02
9.56E+02
4.84E+02
8.55E+03
4.73E+01
2.43E+03

500

2.36E+02
9.22E+02
5.14E+02
8.64E+03
4.82E+01
2.83E+03

500

2.49E+02
8.86E+02
5.55E+02
8.79E+03
4.92E+01
3.52E+03

500

2.74E+02
6.13E+02
3.84E+02
6.09E+03
3.40E+01
2.44E+03



75 yrold
500

2.88E+02
6.44E+02
4.04E+02
6.39E+03
3.57E+01
2.56E+03

Minimum Limiting

1.85E+02 15 Year old male
6.13E+02 50 Year old male
2.43E+02 5 Year old male
5.35E+03 Infant male
1.35E+01 Infant male
1.32E+03 Infant male



Ingestion Rate Age
Days
Dose ( mrem)
Sr-90/ Y-90
Cs-137
1-131
Ir-192
Po-210
Co-60

In Utero
365
100

1.74E+04
4.31E+03

8.22E+02
6.03E+04

Infant

100
1.50E+03
1.84E+04
2.11E+03
2.89E+04
7.31E+01
7.14E+03

1yrold

100
3.59E+03
2.68E+04
1.86E+03
3.80E+04
1.86E+02
1.24E+04

Drinking Water Concentration (pCi/L) for Child dose of 100 mrem Over 1 Year
10yrold 15yrold 16yrold 17yrold 18yrold 19yrold 20yrold

5yrold

100
2.40E+03
1.41E+04
1.31E+03
2.98E+04
1.54E+02
8.08E+03

100
1.56E+03
1.01E+04
1.95E+03
3.58E+04
1.95E+02
9.12E+03

100
1.00E+03
6.14E+03
2.41E+03
4.81E+04
2.58E+02
1.04E+04

100
1.07E+03
5.82E+03
2.45E+03
4.76E+04
2.58E+02
1.10E+04

100
1.14E+03
5.50E+03
2.52E+03
4.67E+04
2.56E+02
1.19E+04

100
1.20E+03
5.17E+03
2.61E+03
4.62E+04
2.56E+02
1.31E+04

100
1.28E+03
4.98E+03
2.78E+03
4.67E+04
2.61E+02
1.53E+04

100
1.35E+03
4.79E+03
3.00E+03
4.75E+04
2.66E+02
1.90E+04

In Utero m Infant male1 yr old me5 yr old mé10 yrold n 15 yrold n 16 yr old n17 yrold r 18 yr old n 19 yr old r 20 yr old n



50 yrold 75yrold

100 100
1.48E+03 1.56E+03
3.31E+03 3.48E+03
2.08E+03 2.18E+03
3.29E+04 3.46E+04
1.84E+02 1.93E+02
1.32E+04 1.38E+04

50 yr old r 75 yr old male

Up through age 15
(for report)
Minimum Limiting
1000 15 yr old male
6140 15 yr old male
1314 5 yr old male
28931 Infant male
73 Infant male
7140 Infant male

Up through age 18

Minimum Limiting
1000 15 yr old male
5170 18 yr old male
1314 5 yr old male

28931 Infant male
73 Infant male
7140 Infant male

Ingestion Rate Age
Days

Dose ( mrem)
Sr-90/ Y-
Cs-137
1-131
Ir-192
Po-210
Co-60

In Utero
365
100

6.43E+02
1.59E+02

3.04E+01
2.23E+03

Infant

100
5.55E+01
6.80E+02
7.80E+01
1.07E+03
2.71E+00
2.64E+02



1lyrold

100
1.33E+02
9.91E+02
6.86E+01
1.41E+03
6.86E+00
4.58E+02

Drinking Water Concentration (Bg/L) for Child dose of 100 mrem Over 1 Year
10yrold 15yrold 16yrold 17yrold 18yrold 19yrold 20yrold 50yrold 75yrold

5yrold

100
8.89E+01
5.22E+02
4.86E+01
1.10E+03
5.69E+00
2.99E+02

100
5.76E+01
3.74E+02
7.21E+01
1.33E+03
7.20E+00
3.37E+02

365

100
3.70E+01
2.27E+02
8.90E+01
1.78E+03
9.54E+00
3.83E+02

100
3.98E+01
2.15E+02
9.08E+01
1.76E+03
9.53E+00
4.08E+02

100
4.22E+01
2.04E+02
9.31E+01
1.73E+03
9.48E+00
4.39E+02

100
4.44E+01
1.91E+02
9.67E+01
1.71E+03
9.46E+00
4.86E+02

100
4.72E+01
1.84E+02
1.03E+02
1.73E+03
9.64E+00
5.67E+02

100
4.99E+01
1.77E+02
1.11E+02
1.76E+03
9.84E+00
7.05E+02

100
5.49E+01
1.23E+02
7.68E+01
1.22E+03
6.81E+00
4.88E+02

100
5.76E+01
1.29E+02
8.07E+01
1.28E+03
7.15E+00
5.12E+02

Minimum
3.70E+01
1.23E+02
4.86E+01
1.07E+03
2.71E+00
2.64E+02



Limiting

15 Year old male
50 yr old male

5 Year old male
Infant male
Infant male
Infant male



DCAL

Effective Whole Body Dose Conversion Factors (Sv/Bg ingested)

Isotope In Utero Infant 1yrold 5yrold | 10yrold | 15yrold | 16yrold | 17yrold | 18 yrold | 19 yrold | 20 yr old
Sr-90 2.80E-08( 2.27E-07| 7.24E-08 4.69E-08 5.97E-08| 7.89E-08| 6.94E-08| 6.16E-08| 5.52E-08| 4.99E-08| 4.56E-08
Y-90 Not available | 3.13E-08| 2.00E-08| 9.97E-09| 5.90E-09| 3.34E-09| 3.21E-09| 3.08E-09( 2.95E-09 2.82E-09 2.69E-09
Cs-137 5.20E-09( 2.11E-08 1.24E-08 9.69E-09| 1.01E-08| 1.34E-08| 1.34E-08| 1.34E-08| 1.35E-08| 1.35E-08| 1.36E-08
1-131 2.10E-08( 1.84E-07| 1.79E-07| 1.04E-07| 5.24E-08| 3.42E-08| 3.18E-08| 2.93E-08| 2.67E-08| 2.42E-08| 2.17E-08
Ir-192 Not available | 1.34E-08| 8.74E-09| 4.59E-09| 2.85E-09| 1.71E-09| 1.64E-09| 1.58E-09( 1.51E-09( 1.44E-09 1.37E-09
Po-210 1.10E-07| 5.30E-06( 1.79E-06( 8.88E-07| 5.25E-07| 3.19E-07| 3.03E-07| 2.88E-07| 2.73E-07| 2.58E-07| 2.45E-07
Co-60 1.50E-09| 5.43E-08| 2.68E-08 1.69E-08 1.12E-08 7.94E-09 7.08E-09| 6.21E-09| 5.31E-09| 4.39E-09| 3.42E-09

0.819 0.191 0.223 0.542 0.725 0.9 0.949 1.004 1.061 1.101 1.137
Risktab version 2.2.1
Lifetime risk of cancer per Bq ingested in drinking water

Isotope 0-1 1-2 5-6 10-11 15-16 16-17 17-18 18-19 19-20 20-21
Sr-90 1.35E-08 | 8.59E-09| 5.13E-09| 3.21E-09| 3.36E-09| 3.43E-09( 3.49E-09| 3.53E-09( 3.42E-09( 3.02E-09
Y-90 1.11E-08 | 8.08E-09 | 4.25E-09 | 2.54E-09 | 1.44E-09 | 1.36E-09 | 1.28E-09 | 1.22E-09 | 9.70E-10 | 3.98E-10
Cs-137 3.40E-09 | 2.49E-09| 1.97E-09| 1.99E-09| 2.44E-09( 2.45E-09| 2.44E-09| 2.35E-09| 1.92E-09| 1.40E-09
1-131 2.15E-08 | 1.99E-08| 1.06E-08| 5.04E-09| 2.96E-09 2.63E-09| 2.34E-09| 2.01E-09| 1.55E-09| 1.04E-09
Ir-192 4.12E-09 | 3.04E-09( 1.65E-09| 1.01E-09| 5.94E-10| 5.57E-10| 5.27E-10| 5.02E-10| 4.02E-10| 1.74E-10
Po-210 inorganic 1.77E-07 | 9.51E-08| 5.15E-08| 3.18E-08| 1.95E-08( 1.83E-08( 1.74E-08| 1.65E-08| 1.45E-08| 1.13E-08
Co-60 7.52E-09 | 5.22E-09| 3.30E-09( 2.16E-09| 1.42E-09| 1.25E-09| 1.07E-09| 8.09E-10| 5.54E-10| 3.45E-10




FGR13- risk -useage

50 yr old

75yrold

Adult

2.77E-08

2.77E-08

2.77E-08

2.69E-09

2.69E-09

2.69E-09

1.36E-08

1.36E-08

1.36E-08

2.17E-08

2.17E-08

2.18E-08

1.37E-09

1.37E-09

1.37E-09

2.45E-07

2.45E-07

2.45E-07

3.42E-09

3.42E-09

3.42E-09

1.643

1.564

1.137

50-51

75-76

25-70

1.10E-09

Tap Water (L/day)*

Age (years) Male Female
0 0.191 0.188
1 0.223 0.216
5 0.542 0.499
10 0.725 0.649
15 0.9 0.712
16 0.949 0.724
17 1.004 0.7358
18 1.061 0.746
19 1.101 0.7447
20 1.137 0.754
50 1.643 1.119
75 1.564 1.179

1.13E-10

6.17E-10

4.58E-10

5.34E-11

6.73E-09

1.33E-10
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